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Abstract: 
Benthic component of an ecosystem is considered in ecological status assessment of the key 
European Directives. Most of the metrics proposed for the benthic quality assessment are 
biodiversity based. Their robustness and applicability are widely discussed in many recent 
studies. However an impact of invasive alien species on biotic indices and environmental quality 
assessments has been largely overlooked by researchers so far. In the current study we assessed 
Benthic Quality Index (BQI) in a coastal ecosystem, highly affected by the invasive zebra mussel 
Dreissena polymorpha. Zebra mussel is able of modifying benthic habitats and enhancing local 
biodiversity. In the analyzed ecosystem it affected benthic species richness, abundance and 
community structure. As a result the calculated BQI values were significantly higher in the 
presence of zebra mussel with evident outliers in samples with particularly high zebra mussel 
abundances. Therefore we found that BQI determined in our study was artificially elevated 
providing false signal of the ecological status improvement. Based on the results presented, we 
suggested data correction framework that has been tested on the current dataset and proved to be 
effective minimizing zebra mussel impact on BQI assessment. Our experience could be applied 
for other coastal ecosystems invaded by the zebra mussel or any other aquatic invasive species 
with resembling biological traits and bioinvasion impacts. 
Highlights: 
 We test the effect of an invasive alien species on ecological quality assessment 
 We calculate Benthic Quality Index for the coastal lagoon affected by zebra mussel 
 Zebra mussel may modify benthic habitats enhancing local biodiversity 
 This might bias BQI by showing false improvement of ecological status 
 We suggest a framework how the this bias could be minimized 
 
Key words: invasive species, bioassessment, BQI, Dreissena polymorpha, zebra mussel, Baltic 
Sea, Curonian Lagoon  
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1. Introduction 
The demand for the universal biotic indicators aimed at ecological status assessment has 
increased with the development of the key EU Directives, focused on reduction of 
anthropogenic pressures, improvement of aquatic environment and preventing biodiversity 
loss (Borja et al. 2010, Borja et al. 2013, Tett et al. 2013). EU Water Framework Directive 
(WFD) and Marine Strategy Framework Directive (MSFD) consider a number of ecological 
quality parameters, both having benthic component involved (as “Macrofauna” in WFD and 
“Sea floor integrity” in MSFD). There is a number of biotic metrics proposed for the benthic 
ecological quality assessment, including (but not limited to) Infaunal Trophic Index (ITI) 
(Maurer et al. 1998); Benthic Index of Biotic Integrity (B-IBI) (Kerans and Karr 1994); Azti-
Marine Biotic Index (AMBI) (Borja et al. 2000); Benthic Quality Index (BQI) (Rosenberg et 
al. 2004); Benthic Opportunistic Polychaetes and Amphipods Index (BOPA) (Dauvin and 
Ruellet 2007); Infaunal Quality Index (IQI) (Kennedy et al. 2011). 
All of them are species richness based indices utilizing quantitative characteristics of benthic 
communities. Indices assume that bottom-dwelling fauna are sedentary enough to escape 
from deteriorating environmental conditions and therefore will relatively rapidly respond to 
human induced pressures (Pearson and Rosenberg 1978, Borja et al. 2000, Diaz et al. 2004, 
Villnas and Norkko 2011).  
To be considered as appropriate for ecological status assessment an indicator should meet the 
following criteria: be scientifically based (Rice 2003, Rice and Rochet 2005, Mee et al. 2008, 
Niemeijer and de Groot 2008, Elliott 2011); ecosystem relevant and biologically important 
(Niemeijer and de Groot 2008, Elliott 2011); responsive, sensitive, specific and predictable 
(Rice 2003, Rice and Rochet 2005, Mee et al. 2008, Niemeijer and de Groot 2008, Elliott 
2011, Kershner et al. 2011); accurate and practical in terms of measurability and cost 
effectiveness (Rice and Rochet 2005, Niemeijer and de Groot 2008, Kershner et al. 2011).  
When evaluating the environmental status of marine waters the effects of chemical pollution, 
eutrophication, habitat destruction and overexploitation are being addressed (Olenin et al. 
2011). Consequently, the suitability of indicators is being tested and validated predominantly 
in relation to those pressures. However an impact of invasive alien species (IAS) present in 
the considered ecosystem has been largely overlooked by researchers so far. IAS may induce 
multiple important alterations in the recipient ecosystem including changes in structure and 
distribution of native species assemblages, habitat properties, food web structure and 
biogeochemical processes (Elliott 2003, Reise et al. 2006, Olenin et al. 2007, Zaiko et al. 
2011). Therefore, it is likely that impacts of other stressors may be surpassed and the 
correspondent ecosystem responses masked (Olenin et al. 2011). 
In the current study we hypothesize, that presence and impact of an invasive ecosystem 
engineer may significantly influence quantitative metrics of biodiversity and therefore affect 
the overall ecological status assessment. In order to challenge this hypothesis, we assessed 
the performance of Benthic Quality Index (BQI) in a coastal ecosystem, highly affected by 
the zebra mussel Dreissena polymorpha.  
BQI is a widely used multimetric indicator of benthic community condition and functionality 
(Rosenberg et al. 2004, Fleischer et al. 2007, Fleischer and Zettler 2009, Leonardson et al. 
2009). Although designed for application in marine areas (Borja et al. 2003, Rosenberg et al. 
2004), it has proved to be suitable for areas with strong salinity gradients given that tolerance 
levels of species are properly adjusted and assigned for the specific area (Zettler et al. 2007). 
BQI is reproducible and has been tested and validated in different marine ecosystems with 
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varying environmental conditions (e.g. Labrune et al. 2006, Fleischer et al. 2007, Zettler et al 
2007), therefore it was advised by the international expert groups (e.g. HELCOM 
CORESET) for distinguishing impacted habitats from undisturbed ones. 
Zebra mussel is known as a powerful ecosystem engineer capable of modifying physical, 
morphological, biological and biogeochemical properties of the bottom habitats (Stewart et 
al. 1998, Karatayev et al. 2002, Minchin et al. 2002, Zaiko et al. 2009, Zaiko et al. 2010). As 
it was previously reported, zebra mussels are generally associated with increased benthic 
macrofauna abundance, species richness and decreased community evenness (Ricciardi et al. 
1997, Zaiko et al. 2009, Atalah et al. 2010). Being one of the most abundant and widely 
distributed IAS in the oligohaline regions of the Baltic Sea (Zaiko et al. 2011, Fenske et al. 
2013) zebra mussels produce dense colonies and beds of empty shells forming patches of 
high biodiversity and facilitating establishment of native and non-indigenous species (Zaiko 
et al. 2007, 2009). It has been shown recently that some eutrophication-related metrics (e.g. 
nutrient levels, chlorophyll concentrations, water clarity) might be affected and lose their 
explanatory value in ecosystems invaded by zebra mussel (Atalah et al. 2010; Zaiko et al. 
2014).Therefore, in this study we test its effect on a benthic quality assessment and suggest a 
framework how the IAS-related bias could be minimized.  
 
Material and methods 
Study area 
The Curonian Lagoon is a large (1.584 km
2
), shallow (average depth 3.8 m) coastal water 
body connected to the south-eastern Baltic Sea by the narrow (0.4–1.1 km) Klaipeda Strait 
(Fig. 1). The ecosystem is greatly dependent on the Nemunas river runoff (98% of the total 
freshwater discharge), draining substantial amount of nutrients from the basin (Zaromskis 
1996). Ongoing eutrophication is one of the most important problems in the lagoon, affecting 
all ecosystem components including bottom habitats (Olenina and Olenin 2002, Olenin and 
Daunys 2004, Aleksandrov 2010). 
The lagoon is oligohaline in its narrow northern part (with irregular rapid salinity fluctuations 
in the range of 0.5 to 5-6 PSU) and limnic in its central and southern parts (with a relatively 
closed water circulation and lower current velocities. Therefore these parts serve as the main 
depositional area of the lagoon (Olenina and Olenin 2002, Gasiunaite et al. 2008). 
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Figure 1. Sampling sites in the Curonian Lagoon. Filled circles indicate permanent 
monitoring stations, open circles - survey stations in 2006, triangles – survey stations in 
1999. 
D. polymorpha was probably introduced into the Curonian Lagoon in the early 1800s. The 
molluscs were presumably attached to timber rafts and reached the lagoon via the central 
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European invasion corridor (Olenin et al. 1999, Fenske et al. 2013). Currently, zebra mussels 
are highly abundant in the Curonian Lagoon, occupying the littoral zone down to 3–4 m 
depth and occurring on both hard substrates and soft bottoms. The habitats affected by zebra 
mussel comprise nearly ¼ of the lagoon bottom area with the largest zebra mussel 
community located in the central part (Zaiko et al. 2009). Soft bottom devoid of zebra 
mussels is dominated by oligochaetes, chironomids and another IAS Marenzelleria neglecta 
(Zettler and Daunys 2007).  
 
Data collection 
In this study, data on macrofauna abundances from the Curonian Lagoon were analyzed for 
BQI development and assignment of sensitivity values. We used a long-term (2000-2010) 
dataset of 12 sampling events at 5 permanent monitoring sites resulting in 113 benthic 
macrofauna samples (Fig. 1). To enhance the data resolution, additionally we included 30 
macrofauna samples from 10 sampling sites surveyed in the course of comprehensive study 
of zebra mussel population in 2006 (Fig. 1). For the further validation of results, the 
developed framework was tested with a smaller dataset from the 1999 survey (32 benthic 
macrofauna samples). Index response to organic carbon content in sediments (as a proxy of 
eutrophication-related pressure) in the context of zebra mussel presence was verified on those 
data. 
All the samples were collected using Van Veen grab with 0.1 m
2
 sampling area, and analyzed 
following standard guidelines for bottom macrofauna sampling (HELCOM 1988). Due to the 
high small-scale bottom patchiness (Olenin and Daunys 2004, Zaiko et al. 2009), replicate 
grabs from one station and sampling event were not averaged for abundance and species 
number and considered as individual samples (as e.g. in Leonardsson et al. 2009). 
To reduce the inconsistency in the taxonomic resolution of the dataset, part of the species 
were pooled into the higher taxonomic groups: e.g., Oligochaeta (excluding Eiseniella 
tetraedra), Chironomidae, Trichoptera, Turbellaria, Nematoda, Heteroptera, Nemertea, 
Gammaridae, Unionidae, Pisidium, Valvata, Sphaerium). Species with presence/absence data 
only (e.g. hydroids Hydra vulgaris, Cordylophora caspia) were not included into analysis. 
 
Benthic quality index calculation 
The macrofauna abundance data were used for the computation of the Benthic Quality Index 
(BQI) (Rosenberg et al. 2004). Since the original version of BQI is known to be sampling 
effort dependent (e.g. increase in sampling effort results in higher probability of obtaining 
rare species), the adjusted calculation was applied (Fleischer et al. 2007, Fleischer and Zettler 
2009): 
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In Eq. (1) above, n denotes the observed species number. Ai stands for the abundance of the 
species i and Atot is the sum of all individuals within this square meter. Finally, ES50- 0.05 is the 
sensitivity/tolerance value for the species i and ES50 denotes the expected number of species 
for 50 individuals randomly taken from the square meter (Hurlbert Index).  
The Primer software package (Clarke and Warwick 2001) was used for calculation of the 
Hurlbert Index (ES50). Species recorded in 10 samples or less (occurrence approx. less than 
10 % in our case) were excluded from further sensitivity determination, but were considered 
when estimating n and Atot in Eq. (1) following approach used in other studies (e.g. 
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Leonardsson et al. 2009). No samples were discarded from the analysis due to the low total 
abundance (less than 50 individuals) as advised by the other authors (Rosenberg et al. 2004, 
Puente and Diaz 2008, Fleischer and Zettler 2009). As originally proposed by Rosenberg et 
al. (2004), the sensitivity value of a species was set to the 5
th
 percentile of the ES50 (ES50-0.05). 
This approach follows the assumption that the most tolerant species are likely to be 
associated with the lowest biodiversity, lower ES50 values and therefore attaining lower 
sensitivity estimates. ES50-0.05. was calculated as described by Leonardsson et al. (Leonardsson 
et al. 2009). Based on the estimated sensitivity values, the pre-selected species were 
classified by expert judgment as ‘very tolerant’, ‘tolerant’, ‘sensitive’ and ‘very sensitive’.  
 
Dataset correction 
In order to minimize the IAS effect on the BQI assessment outcome, following correction 
framework was applied on the original dataset. First, the species observed only in samples 
with zebra mussel were eliminated in order to reduce artificially elevated ES50 values in 
locations with zebra mussels. Then, the samples with particularly high zebra mussel 
abundances were excluded. Since habitats dominated by zebra mussel maintain benthic 
communities structurally different from those observed in areas with no or low numbers of 
zebra mussels (Thayer et al. 1997, Strayer et al. 1998, Zaiko et al. 2009, Minchin and Zaiko 
2013),  we set a threshold of zebra mussel abundance at approx. 1000 ind/m
2
, corresponding 
to a few average size clumps which are capable to modify the soft-bottom habitats to the 
stage when zebra mussel-specific communities form (Zaiko et al. 2009). Finally, abundance 
correction was applied for species demonstrating significant correlation with zebra mussel. 
Here we used a proportional correction, based on the coefficients determined in the 
regression model: 
𝐴𝑖−𝑐𝑜𝑟 =  
𝐴𝑖
𝛽∙𝐴𝑧𝑚
     (2) 
In Eq. (2) above Ai-cor stands for the corrected abundance of the species i, Ai – initial species 
abundance observed in the sample, β – slope (standardized) coefficient from the fitted linear 
regression model (y=α + βx), Azm – zebra mussel abundance in the sample (note: the 
correction should be applied for samples with zebra mussel only; otherwise the initial values 
are left). 
Statistical analysis 
Logarithmic transformations were applied to macrofauna abundance and organic carbon 
content data in order to avoid distortion resulting from the outlying values, defined during the 
exploratory data analysis (visual assessment of box-plots and QQ-plots). 
Non-parametric Mann–Whitney (Wilcoxon) W test was used to test differences (e.g. pairwise 
comparisons of BQI values in samples with and without zebra mussels) when datasets were 
unbalanced and did not meet normality assumptions. Linear regression model with a robust 
fitting algorithm was applied to ascertain the effect of the zebra mussel abundance on BQI 
values. In case of multiple pairwise comparisons or correlation analyses (e.g. for correlations 
between abundances of zebra mussel and other species) the Bonferroni correction for α was 
applied. 
Analysis of Covariance (ANCOVA) was used to verify the effects of organic carbon contents 
(% of sediment dry weight) on BQI values, with zebra mussel presence as a co-variate (two 
groups) and compare the regression slopes and intercepts between groups. Prior to that, the 
compliance with assumptions of homogeneity of group variances and independence of 
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predictor variables was tested. The results confirmed that assumptions are fulfilled (F=2.47; 
p=0.09 and F=3.79; p=0.06 respectively). 
The analyses were implemented in the R v3 statistical computing environment (R-project 
2014). 
2. Results  
When applying the rule of ES50  calculation for species occurring in ≥ 10 samples only, we 
were able to assign sensitivity values for 19 species/taxa (Table 1).  
Table 1. Sensitivity values of the pre-selected 19 taxa, from uncorrected data analysis 
and suggested sensitivity class (1 – very tolerant; 2 – tolerant; 3 –sensitive; 4 – very 
sensitive) 
 
Taxa 
 
ES 50-
0.05 
Sensitivity class 
Oligochaeta  
Chironomidae  
Gammaridae  
Unionidae 
Valvata spp. 
Hydracarina 
Ostracoda 
Glossiphonia complanata 
Eiseniella tetraedra 
Trichoptera  
Turbellaria  
Helobdella stagnalis 
Pisidium sp.  
Dreissena polymorpha 
Erpobdella octoculata 
Sphaerium spp. 
Glossiphonia heteroclita 
Viviparus viviparus 
Bithynia spp. 
1.4 
2.0 
2.2 
2.2 
2.4 
2.5 
2.8 
3.0 
3.0 
3.1 
3.1 
3.2 
3.4 
3.5 
3.5 
3.9 
4.0 
4.1 
4.7 
1 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
 
Four sensitivity classes were determined and assigned to the species using the nearest default 
non-decimal numbers for estimated ES50-0.05 values: very tolerant (ES50-0.05<2.0); tolerant 
(2.0≤ES50-0.05<3.0); sensitive (3.0≤ES50-0.05<4) and very sensitive (4≤ES50-0.05). There were 15 
other species or higher order taxa with the occurrence ranging from less than 1% to 8%: 
Nemertea, Nematoda, Hemiptera, Heteroptera, Ceratopogonidae, Corophiidae, Simuliidae, 
Marenzelleria spp., Asellus aquaticus, Caenis macrura, Glossiphonia concolor, Gordius 
aquaticus, Piscicola geometra, Potamopyrgus antipodarum, Radix auricularia. These taxa 
were not included into sensitivity assessment. 
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Figure 2: Temporal variability of BQI values in the analyzed samples. Gray dots represent 
samples without zebra mussels, black dots – those with zebra mussels. 
 
The calculated BQI values varied between 0.54 and 2.61 with four apparent outliers in data 
from 2006 (Fig. 2). The highest (>2) obtained BQI values coincided with more than tenfold 
elevated abundances of zebra mussels (1513 ±1862 ind/m
2
 versus 94 ±207 ind/m
2 
average in 
the other samples), Pisidium sp. (1190 ±1425 ind/m
2
 versus 42 ±107 ind/m
2
), Valvata spp. 
(592 ±818 ind/m
2
 versus 42 ±160 ind/m
2
) and Ostracoda (4852 ±3699 ind/m
2
 versus 155 
±709 ind/m
2
). 
In general, BQI values in samples with zebra mussels were significantly greater (W=2548, 
p<0.001) comparing to those devoid of zebra mussels, with no apparent temporal trend (Fig. 
2). Additionally, analysis of samples with presence of zebra mussels demonstrated an evident 
effect of D. polymorpha on the total macrofauna abundance (Fig. 3), significantly correlating 
with Eiseniella tetraedra (r=0.42, p=0.002), Erpobdella octoculata (r=0.62, p<0.001), 
Helobdella stagnalis (r=0.61, p<0.001), Chironomidae (r=0.51, p<0.001) and Trichoptera 
(r=0.53, p<0.001). On the other hand, only first three species showed significantly higher 
abundances (Mann-Whitney test, p<0.0001) in the presence of the zebra mussels. Positive 
correlation was also found between the zebra mussel abundance and species richness (r=0.43, 
p<0.001). There were 3 species recorded from zebra mussel-free samples only: Gordius 
aquaticus, Glossiphonia concolor and non-indigenous gastropod Potamopyrgus 
antipodarum. However due to their low abundances and occurrence below 5%, these species 
had minor effect on the estimated BQI values. Seven taxa were observed exclusively in 
samples with zebra mussels: Asellus aquaticus, Caenis macrura, Radix auricularia, 
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Ceratopogonidae, Corophiidae, Simuliidae, Hemiptera. Consequently, calculated BQI values 
showed statistically significant correlation with zebra mussel abundance (Fig. 4).  
 
 
Figure 3. Abundances (log-transformed) of E. tetraedra, E. octoculata, H. stagnalis, 
Chironomidae, Trichoptera and total abundance (ind/m
2
) versus log-transformed D. polymorpha 
abundance (ind/m
2
). 
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Figure 4. BQI values for samples with zebra mussels versus D. polymorpha abundance (log-
transformed) with fitted linear model trendline (R
2
=0.33, r=0.58, p<0.001) and standard error 
represented by shaded area. 
 
When verifying the results on 1999 data (applying the pre-assigned sensitivity values), 
ANCOVA revealed statistically significant effect of zebra mussel presence (F=5.67; p=0.02) 
and marginal effect of organic carbon (F=3.63, p=0.07) on the BQI values. Moreover, there 
was a shift from negative to positive regression in the samples with zebra mussels (Fig. 5).  
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Figure 5. BQI values calculated for 1999 dataset based on the pre-assigned species 
sensitivity values (Table 1). Gray dots – samples without zebra mussel: solid regression line 
(t=12; p<0.001; BQI= 1.19-0.29x[log(C_org)]); black dots – samples with zebra mussel: 
dashed regression line (t=3; p= 0.006; BQI=1.89+0.36[ log(C_org)]); multiple R
2
=0.32.  
 
After applying the dataset corrections, new species sensitivity values and their ranking were 
obtained (Table 2).  
Table 2. Sensitivity values and re-assigned sensitivity classes for the pre-selected 19 
taxa after  dataset corrections (1 – very tolerant; 2 – tolerant; 3 –sensitive; 4 – very 
sensitive). An asterisk denotes species with shifted down sensitivity class comparing to 
the uncorrected analysis. 
 
Taxa 
 
ES 50-0.05 Sensitivity class 
Oligochaeta  
Chironomidae*  
Dreissena polymorpha* 
Glossiphonia complanata* 
Gammaridae  
Unionidae 
Valvata spp. 
Hydracarina 
1.4 
1.9 
2.0 
2.1 
2.1 
2.1 
2.4 
2.5 
1 
1 
2 
2 
2 
2 
2 
2 
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Eiseniella tetraedra* 
Ostracoda 
Erpobdella octoculata* 
Pisidium spp. 
Helobdella stagnalis 
Trichoptera 
Turbellaria 
Glossiphonia heteroclita* 
Sphaerium spp. 
Viviparus viviparus 
Bithynia spp. 
2.8 
2.8 
2.9 
3.0 
3.1 
3.1 
3.1 
3.4 
3.5 
4.1 
4.7 
2 
2 
2 
3 
3 
3 
3 
3 
3 
4 
4 
 
The BQI values calculated with applied data corrections varied within a narrower range (from 
0.54 to 2.13) without any significant correlation with zebra mussel abundances (Fig. 6). When 
the algorithm was tested on 1999 dataset, an insignificant positive trend of BQI values with 
enhanced organic carbon content still could be detected in the presence of zebra mussel. 
However impact of organic carbon content remained as the only important factor (F=6.72, 
p=0.01) explaining 21% of variance in BQI data. 
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Figure 6. Corrected BQI values for samples with zebra mussels versus zebra mussel 
abundance (log-transformed) with fitted linear model trendline (R
2
=0.02, r=0.14, p=0.32) 
(top) and corrected BQI values for 1999 dataset (bottom). Gray dots – samples without zebra 
mussel: solid regression line (t=11; p<0.001; BQI= 0.88-0.31[log(C_org)]); black dots – 
samples with zebra mussel: dashed regression line (t=1; p= 0.35; 
BQI=0.39+0.24[log(C_org)]); multiple R
2
=0.21.  
 
3. Discussion 
There are at least three scenarios how zebra mussel might compromise the results of benthic 
quality assessment, if blindly incorporated into the data analysis: (I) by altering species 
richness; (II) by altering species abundance; (III) by restructuring the whole community in 
sites highly modified by zebra mussel colonies. Particularly, in the case with BQI calculation 
(see Eq. 1), all of its components can be potentially affected: number of observed species, 
abundance of a species, total abundance, ES50 and ES50-0.05 values. 
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As it was reported from earlier studies, many benthic invertebrates tend to aggregate in 
habitats modified by zebra mussels (Karatayev et al. 2002, Reed et al. 2004, Zaiko et al. 
2009). In soft-bottom environments, zebra mussels provide substrata and shelter for the 
epifaunal (e.g. A. aquaticus, C. macrura, E. octoculata, H. stagnalis, Radix auricularia) and 
infaunal invertebrates (e.g. Chironomidae, Ceratopogonidae, E. tetraedra) (Bially and 
MacIsaac 2000, Minchin and Zaiko 2013). Both detritovorous and carnivorous species 
benefit from the structural complexity and resources availability (produced biodeposits, 
sheltered prey items) enhanced by zebra mussel colonies (Zaiko et al. 2009). This explains 
the fact that a few taxa in our study have demonstrated high level of association with zebra 
mussel presence and/or abundance.  
Except for species significantly correlating with zebra mussel abundance (Fig. 3), there were 
at least 7 taxa observed exclusively in the presence of zebra mussel. Consequently, the 
enhanced species richness, total abundances and ES50 values might be affected by zebra 
mussel presence as well.  
On the other hand, there were three species (G. aquaticus, G. concolor and P. antipodarum) 
observed exclusively devoid of zebra mussels. These species were reported from the west- 
coast monitoring stations with the prevalence of fine silty mud in sediments (Trimonis et al. 
2003), where conditions were highly unfavorable for the zebra mussel population 
establishment (Fenske et al. 2013). However due to their low abundances and occurrence 
below 5%, these three species had minor effect on the estimated BQI values. 
Based on the species ranking according to their sensitivity (original dataset), D. polymorpha 
hit the third quartile suggesting it as a rather sensitive species. However its high tolerance to 
variable environmental conditions and different levels of anthropogenic pressure is known 
from multiple observational and experimental studies worldwide (Claudi and Mackie 1993, 
Shkorbatov et al. 1994, Fenske et al. 2013). Therefore, we suspect that sensitivity values 
determined for some other species in this study could be also an artefact of their association 
with presence or high abundance of zebra mussels. Although for the part of the considered 
species (e.g. Oligochaeta, Chironomidae, Bithinia, Erpobdella, Glossiphonia, Sphaerium) 
sensitivity scores were consistent with the results reported by other studies in the region 
(Osowiecki et al. 2008, Kotta et al. 2012, HELCOM 2013), others could be artificially 
elevated or vice versa demoted due to their preference for modified habitats or other 
particular inter-specific relationships with zebra mussel. 
Referring to the results presented, the simplest solution is to eliminate samples with zebra 
mussel (or any other IAS with strong impact on habitats and communities) from the benthic 
quality assessment. However, in many invaded ecosystems this would imply exclusion of 
significant part of the data from the analysis. For instance, in the analyzed dataset from the 
Curonian Lagoon samples with zebra mussels comprised nearly 50% of the monitoring data 
and were obtained from 13 locations (out of 15 sampled). Exclusion of these samples would 
significantly reduce the representativeness of the assessment and robustness of the 
conclusions.  
On the other hand, due to the patchy and non-persistent distribution of zebra mussels (Olenin 
and Daunys 2004, Zaiko et al. 2009, Zaiko et al. 2014), it is difficult to estimate precisely the 
probability of finding the species in a particular location. It means that a posteriory exclusion 
of samples from the analysis should be applied, thus affecting the overall cost-effectiveness 
of the monitoring program. Therefore in this study we have demonstrated a framework of the 
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dataset correction that proved to be effective enough minimizing the zebra mussel effect on 
the BQI assessment outcome.  
The applied corrections have resulted in a rather logical shift in sensitivity class of 6 species 
(Table 2). This time zebra mussel pooled within the tolerant species group that matched our 
general expectations based on expert knowledge. Five other species (Chironomidae, 
Glossiphonia complanata, G.heteroclita, Eiseniella tetraedra and Erpobdella octoculata) 
have been also assigned lower sensitivity class compared to the uncorrected data analysis. 
The BQI values calculated on the corrected dataset have demonstrated betters responsiveness 
to the considered pressure (eutrophication, expressed by the organic carbon content) with 
minimized undesired “noise” caused by the presence of invasive ecosystem engineer (Fig. 6). 
Thus the reliability and overall robustness of the environmental status assessment was 
improved. 
Although data correction framework presented here showed good results in our BQI 
calculation exercise, the environmental context and ecosystem peculiarities should be 
considered before applying this approach. Our experience could be applied for other coastal 
ecosystems invaded by the zebra mussel or any other IAS with similar bioinvasion impacts, 
after a proper validation and ecosystem-specific adjustments (e.g. for sensitivity values and 
correlations). 
 
4. Conclusions 
The results of the BQI assessment exercise presented here indicate that several important 
characteristics of the indicator (including its responsiveness, sensitiveness, predictability, 
accuracy) could be compromised due to the impact of IAS present in an ecosystem. Zebra 
mussel ability of modifying benthic habitats and forming local patches of elevated biological 
diversity may bias the results of benthic quality assessment by showing false improvement of 
ecological status. If not considered in the course of the assessment, any species richness-based 
index may reflect IAS impact rather than anthropogenic pressure effect. Proper adjustments of 
ecological status assessment are desirable for the ecosystems strongly affected by IAS. 
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